Synopsis
We use both quantum mechanical and semiclassical dielectric formulations to study how an external charged particle, moving in the vicinity or traversing a solid surface, couples with the bulk and surface excitations. We pay special attention to the differences and similarities between incoming and outgoing trajectories, finding some novel oscillatory structures that can be ascribed to interference effects between direct and reflected plasmon excitations.
The purpose of this communication is to investigate in detail the interaction of charged particles with solid interfaces for incoming and outgoing trajectories, in terms of the dielectric formalism and the semi classical approach, provided by the so-called surface reflexion model which was developed previously by us and other authors [1] [2] [3] . This model has been quite useful for applications in studies of particles-surfaces interaction processes, as well as in electromagnetism [4] . We take into consideration that the medium does not extend homogeneously just till the surface, but that certain inhomogeneities occur (in particular, in the distribution of electrons) that extend on both sides of the surface. We suppose that the surfaces are smooth even though they always present a certain level of roughness at an atomic scale that may hinder their treatment [5] . Turning to the problem established by the noninvariant translation of the dielectric function that characterizes the solid, we treat the external particle as a classical particle following a given trajectory. It is well known that the particle excites collective oscillations in the bulk and on the surface, called plasmons [1] . In this process it suffers an energy loss that depends on its initial energy (or velocity) and the characteristics of the material. Figure 1 illustrates in detail how different trajectories (perpendicular to the surface, one incoming and the other outcoming) contribute to the stopping power or, equivalently, to the excitation of bulk and surface plasmons. Although the surface contribution is the same for both trajectories, we clearly see that there is an inout asymmetry given by an oscillatory term of bulk plasmons that only appears when the projectile enters the solid. 
